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In previous papers we have studied the action of synthetic detergents on the 
metabolism of bacteria  (1,  2).  By systematic investigation of the effects of 
some  twenty  cationic  and  anionic  detergents  on  six  Gram-positive and  six 
Gram-negative microorganisms it was possible to derive certain generalizations 
between the type and structure of the detergents and their action on bacterial 
metabolism.  Some of these relationships could be inferred from other earlier 
studies, I many of which were on the bactericidal or bacteriostatic properties of 
a single detergent, but only by a detailed study of a variety of compounds could 
the  general formulations be  obtained.  In the  present paper the  systematic 
study is extended to germicidal properties of synthetic detergents.  The con- 
centrations  of detergents  and  the  numbers of microorganisms are  similar to 
those employed in  the previous studies,  thereby permitting a  correlation be- 
tween bactericidal properties and effects on bacterial metabolism. 
EXPERIMENTAL 
The following bacteria were used in these studies: Gram-positive,--Staphylococcus 
aureus,  Staphylococcus  albus,  and  oral  strains  of  lactobacillus  and streptococcus 
(probably  Streptococcus salivarius);  Gram-negative,--Proteus  vulgaris, Escherichia 
coli,  and  Eberthella  typhi.  The  bacteria  were  grown  for  14  hours  as  previously 
described  (2),  centrifuged,  washed,  and suspended in  distilled  water.  The suspen- 
sions  were  diluted  to  provide  a  final  concentration  of  10  billion  microorganisms 
per cc3 
The detergents studied  are listed in  Table I.  They are classified as cationic or 
anionic according to the location of the long-chain,  hydrophobic group in the cationic 
1 The reader is  referred to  the  paper by Baker,  Harrison, and  Miller  (2)  for a 
relatively complete bibliography of the biological applications of synthetic detergents. 
In addition, the recent papers by Kuhn and coworkers  (3-8) should be consulted. 
2 This  value necessarily includes  some non-viable bacteria since  the  number of 
cells was estimated by means of a  Petroff-Hausser counting chamber. 
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or  anionic  portion  of  the  molecule.  The  compounds  employed  in  these  studies 
were chosen to provide as much  variety in chemical structure  as possible in order 
to  obtain  additional  information  concerning  the  relationship  between  chemical 
structure and biological activity.  They were dissolved in distilled water and neutral- 
ized to pH 7.  In order to obtain results directly comparable with the metabolism 
TABLE I 
Composition of the Detergents 
Type  Trade name  Structure 
Cationic 
Anionic 
Zephiran 
Phemerol 
Retarder LA 
Emulsol-605 
Catol 
Emulsol-607 
Emulsol-660 B 
Damol 
Emulsol-609 
Cetyl sulfate 
Sodium myristyl sulfate 
Duponol LS 
Tergitol-8 
Triton W-30 
Igepon T 
Tergitol-7 
Tergitol-4 
Mixture  of  alkyl  dimethyl benzyl ammonium 
chlorides (alkyl =  C8 to C18) 
Alkyl  dimethyl  benzyl  ammonium  chloride 
(alkyl  =  para-tertiary-octyl-phenyl-diethoxy) 
Stearyl trimethyl ammonium  bromide 
CI1H 2  a--COO--C2H 4--NH--CO--CHi-- 
N(CH 3) 8C1 
C 11H, a--COO--C~ 4--NI-I--CO--CH2-- 
N(CMs) 3C1 
CuH~,--COO--C,H4--NH--CO--CHo.--N  <~// 
CI 
Lauryl pyridinium iodide 
N.N.N'.N'-tetramethyl-N-N'-didodecyl-beta- 
hydroxy-propylene diammonium bromide 
Lauryl  ester  of  alpha-amino  isobutyric  acid 
hydrochloride 
Sodium cetyl sulfate (C16) 
Sodium myristyl sulfate (C14) 
Sodium oleyl sulfate (C18) 
Sodium alkyl sulfate (alkyl derived from 2-ethyl 
hexanol-1) (C s) 
Sodium salt of alkyl phenoxy ethyl sulfonate 
Alkyl--CO--N(CH  3)--C~H 4--SOsNa 
Sodium  alkyl sulfate  (alkyl  derived  from  3,9 
diethyl tridecanol-5)  (C,,) 
Sodium  alkyl  sulfate  (alkyl  derived  from  2, 
methyl-7, ethyl undecanol-4) (C,0 
studies previously reported, the experiments were set up  in the following manner: 
0.2 cc. of detergent solution was added to 1.8 cc. of ~/15 phosphate buffer (pH 7), 
containing enough glucose to  produce a  final concentration of 0.02  M.  The  tubes 
were placed in a water bath at 38°C. until the temperature of the bath was reached. 
1 cc. of bacterial suspension was then added.  After intervals of 10 minutes and 90 
minutes, 0.1  cc. was withdrawn and pipetted into 5 cc. of veal infusion broth2  A 
3 For experiments with lactobaciUi and streptococci, the veal infusion broth con- 
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second transfer  of 0.1  cc. was made from the first  tube of veal infusion broth into 
another tube containing  5 cc. of culture  medium  to eliminate  bacteriostatic  action. 4 
The tubes  were incubated  at 37°C. and examined for growth after 24 and 48 hours 
(or  72  hours  for slowly growing  organisms  like  lactobacilli  and  streptococci).  It 
should  be noted that  the number of bacteria  employed  in our tests  is probably at 
least  ten  times  the number subjected  to the germicides in  the standard phenol  co- 
efficient determination.  Moreover, in the latter technique only a loopful of bacteria 
is carried over from the medication  tube into  the broth culture  tube,  whereas in our 
tests,  0.1  cc.  transfers  were employed  routinely. 
RESULTS 
Results  obtained  after  exposure  of  the  various  organisms  for  10  and  90 
minutes  to the  detergents at  concentrations of 1:1000,  1:3000,  1:6000, and 
1:30,000 and at pH 7 are listed in Tables II to VIII.  The data given were 
obtained by noting the presence or absence of growth in the second transfer 
tube or broth medium; these results therefore represent bactericidal action.  A 
plus or minus sign is used to indicate the presence or absence of growth.  Each 
plus or minus sign represents the results of at least two separate experiments. 
Some variations were observed.  When the results were inconclusive in three 
or more experiments this fact is indicated by a question mark. 
Gram-Positive  Microorganisms.--The  results  obtained  in  the  tests  with 
streptococcus,  lactobacillus,  Staphylococcus  aureus,  and Staphylococcus  albus 
are given in Tables II to V.  It is apparent that the cationic detergents are 
much more effective than the anionic detergents.  All the cationic detergents 
except Emulsol-609 gave complete sterilization in 10 minutes against these four 
Gram-positive  organisms  at  the  1:1000  and  1:3000  dilutions.  At  1:6000 
dilution most of the cationic detergents were still able to give complete killing 
in  10 minutes.  At 1:30,000 concentration there was a  sharp diminution in 
complete killing effects.  Only Zephiran and Phemerol were capable of killing 
in 10 minutes at this concentration, and the effects of these compounds were 
not consistent for the four organisms.  In the 90 minute period of exposure 
both of these compounds consistently killed the four species of Gram-positive 
organisms.  E.ven with the longer period of exposure, only three of the other 
compounds gave  complete  sterilization  at  1:30,000,  i.e.,  Retarder  LA with 
lactobacillus and Staphylococcus aureus,  Damol with lactobacillus, and Emul- 
sol-609  with Staphylococcus  albus. 
4 The highest  concentration  of detergent  in the second transfer  tubes  prepared  in 
this manner is  1:2,500,000; a  50-fold dilution  is made from the medication  tube to 
the first  transfer  tube,  and again  from the first  to  the  second  transfer  tube,  thus 
giving an overall dilution of 2500 times that in the original medication tube.  Experi- 
ments  which  we have performed  demonstrate  that  a  concentration  of  1:2,500,000 
is definitely beyond the bacteriostatic  range of the compounds studied;  in almost all 
instances  the  bacteriostatic  concentration  was  considerably  below  1:1,000,000. TABLE  II 
Growth of Streptococcus after Exposure to Detergents 
Type 
Cationic 
Anionic 
Detergent 
Zephiran 
Phemerol 
Retarder LA 
Emulsol-605 
Catol 
Emulsol-607 
Emulsol-660 B 
Damol 
Emulsol-609 
Cetyl sulfate 
Myristyl sulfate 
Duponol LS 
Tergitol-8 
Triton W-30 
Igepon T 
Tergitol-7 
Tergitol-4 
Time of exposure 
I0  mln.  ]1  90 min. 
Concentration of dete~ :ent 
1:1000  1:30,000  I:30,(XR  1:3000  1:6000 
-  + 
+  + 
+  + 
+  + 
+  + 
+  + 
+  + 
+  + 
-  + 
+  --I- 
+ 
+ 
÷ 
+ 
h I000 
? 
? 
+ 
+ 
+ 
+ 
1:3000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:6ooo 
-b 
÷ 
+ 
+ 
+ 
+ 
+ 
+ 
-t- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
TABLE III 
Growth of Lsctoba~illus after Exposure to Detergents 
Type 
Cationic 
Anionic 
Detergent 
Zephiran 
Phemerol 
Retarder LA 
Emulsol-605 
Catol 
Emulsol-607 
Emulsol-660 B 
Damol 
Emulsol-609 
Cetyl sulfate 
Myristyl sulfate 
Duponol LS 
Tergitol-8 
Triton W-30 
Igepon T 
Tergitol-7 
Tergitol-4 
1:1000 
+ 
+ 
? 
+ 
Time of exposure 
I0  nlin.  I[  90  min. 
Concentration of  detergent 
1:6000  1:30,00  1:3000 
? 
+ 
+ 
+ 
+ 
+ 
B 
m 
? 
+ 
+ 
+ 
+ 
+ 
? 
+ 
+ 
+ 
+ 
1:30,00~ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
q- 
1:1000 
? 
+ 
+ 
? 
-I- 
1:3000 [ 
+ 
? 
+ 
? 
+ 
1:6000 
+ 
? 
? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Growth of Staphylococcus aureus after Exposure to Detergents 
Type 
Cationic 
Anionic 
Detergent 
Zephiran 
Phemerol 
Retarder LA 
Emulsol-605 
Catol 
Emulsol-607 
Emulsol-660 B 
Damol 
Emulsol-609 
Cetyl sulfate 
Myristyl sulfate 
Duponol LS 
Tergitol-8 
Triton W-30 
Igepon T 
Tergitol-7 
Tergitol-4 
1:1000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Time of  exposure 
10 min.  []  90min. 
Concentration of detergent 
1:3000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:6000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:30,000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:1000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:3000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:6000 
B 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:30,00( 
+ 
+ 
+ 
+ 
+ 
+ 
TABLE  V 
Growth of Staphylococcus albus after Exposure to Detergents 
Type 
Cationic 
Anionic 
Detergent 
1:1000  1:30( 
Zephiran  --  -- 
Phemerol  --  -- 
Retarder LA  --  -- 
Emnisol-605  --  -- 
Catol  -  - 
Emulsol-607 
Emulsol-660 B  --  -- 
Damol  --  -- 
Emulsol-609  --  + 
Cetyl sulfate  +  + 
Myristyl sulfate  +  + 
Duponol LS  +  + 
Tergitol-8  +  + 
Triton W-30  +  + 
Igepon T  +  + 
Tergitol-7  +  + 
Tergitol-4  +  + 
Time of exposure 
10mln.  [I  90mln. 
Concentration of detergent 
~/ 1:6000_ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
I:30,(X)  1:1000 
? 
+  -- 
+  -- 
+  -- 
+  -- 
+  -- 
+  -- 
+  -- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:3000  1:6000 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1:30,00q 
+ 
+ 
+ 
+ 
+ 
+ 
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Of the anionic detergents studied, it is apparent that Tergitol-7 is the most 
active, and it is the only one whose activity compares reasonably well with 
the cationic detergents against streptococcus and lactobacillus.  Against both 
TABLE  VI 
Growth of Proteus ~ulgaris  after Exposure to Detergents 
Type 
Cationic 
Detergent 
Zephiran 
Phemerol 
Retarder LA 
Emulsol-605 
Carol 
Ernulsol-607 
Emulsol-660 B 
Damol 
Emulsol-609 
Time of exposure 
10min.  I[  90min. 
Concentration of detergent 
I:IOC 
+ 
? 
+ 
I 
:30001 1:6000 [1:30,00~  1:1000  1:3000  1:6000 1:30,000 
I 
-  ?  +  -  _  _  + 
-  +  +  -  + 
+  +  +  +  + 
-  +  +  -  _  _  + 
-  +  +  +  + 
+  +  +  +  + 
?  +  +  +  + 
?  +  +  +  + 
+  +  +  +  +  +  + 
TABLE  VII 
Growth of Escheri,,hia  coli after Exposure to Detergents 
Type 
Cationic 
Detergent 
Zephiran 
Phemerol 
Retarder LA 
Emulsol-605 
Carol 
Emulsol-607 
Emulsol-660 B 
Damol 
Emulsol-609 
1:1ooo 
+ 
Time of exposure 
10 min.  I[  90min. 
Concentration  of  Detergent 
1:30,000  1:3000  1:6000  1:30,00( 
---; 
+  +  + 
2-+  + 
+ 
+  +  + 
-  ? 
J 
-  ? 
1:6000 
? 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
strains of staphylococcus Tergitol-7 is the only anionic detergent which shows 
some effect, but its activity is decidedly inferior to the cationic compounds 
against the staphylococci. 
Gram-Negative  Microorganisms.--The  results  of  tests  upon  three  Gram- 
negative organisms are given in Tables VI to VIII.  Only the results with the 
cationic detergents are  tabulated  because none  of the  anionic  detergents  was ZELMA  BAKER,  R.  W.  HARRISON,  AND  BENJAMIN  F.  MILLER  617 
effective  against any of the  three species of Gram-negative organisms even at the 
highest concentration studied3 
The  cationic  detergents  are  somewhat  less  effective  against  these  Gram- 
negative organisms than against the  Gram-positive ones.  The action on E. 
coli and Eb. typhi was greater than upon Proteus vulgaris.  A few of the com- 
pounds, e.g., Emulsol-609 and Retarder LA, had very little effect on P. vulgaris. 
No  compound killed  any of  the  species  at  1:30,000  dilution  even  after  90 
minutes  exposure;  at  1:6000 dilution  and  90 minutes  incubation,  Zephiran, 
Emulsol-605,  and  Phemerol  were  the  only  ones  effective  against  all  three 
TABLE VIII 
Growth of Eberthella typi after Exposure to Detergents 
Type 
Cationic 
Det~g~t 
Zephiran 
Phemerol 
Retarder LA 
Emulsol-605 
Catol 
Emulsol-607 
Emulsol-660 B 
Damol 
Emulsol-609 
Time  of  exposure 
10 min.  11  90 min. 
Concentration  of  detergent 
1:30,000 1:1000  1:30,000  I:1000__  1:3000  I-  1:6000__~_..t_~_ 
-  +  + 
+  +  + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
'  + 
+ 
1:  1:3000 1:6000 
-  + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
species.  Several of the others were effective against E. coli and Eb. typhi but 
not against P. vulgaris at 1: 6000 with the 10 minute period of exposure. 
DISCUSSION 
Our previous experiments  showed  that all the cationic  detergents  observed 
inhibit the respiration  or acid production of the  Gram- positive and negative 
6 Dr.  R. J. Dubos has recently reported  (9)  a  difference in activity between  the 
anionic and cationic detergents  toward the Gram-positive and Gram-negative  species 
when tested with detergents  and wetting agents  and has  suggested  that if this  dif- 
ference exemplifies a general law, "it may serve as a useful tool for the study of some 
points of bacterial  structure,  and give important clues concerning the factors  which 
render  Gram-negative  organisms resistant  to so many agents  which are toxic to the 
Gram-positive." 
It would appear from the good agreement  between the results of Dubos et al. and 
the work reported in our own paper that the "general law" governing the action of the 
detergents  has been  reasonably  well established. 618  BACTERICIDAL ACTION OF SYNTHETIC DETERGENTS 
microorganisms  included  in  the present  study.  6  The  inhibition  was always 
complete at a  concentration  of 1:3000,  and usually at  1:30,000.  At higher 
dilutions,  e.g.,  1:60,000,  these  complete inhibitions  have  been  observed less 
frequently (unpublished experiments).  When complete inhibition is obtained 
with the detergents the action is very rapid; usually respiration and glycolysis 
have ceased almost entirely at the time of the first manometric reading  (15 
minutes  after  the  addition  of  the  detergent).  The  present  studies  on  the 
bactericidal action of the detergents have been conducted in precisely the same 
manner  as  those  on  bacterial  metabolism with  the  exception  that  in  some 
instances  fewer organisms have been employed.  On the  average,  however, 
the results are directly comparable.  7  With the Gram-positive organisms there 
appears to be a fairly good correlation between the bactericidal action and the 
inhibition of bacterial metabolism.  In most instances, in the 10 minute period 
of exposure, the cationic detergents kill all the organisms at a  concentration 
between  1:6000  and  1:30,000.  With  the  Gram-negative  organisms  the 
correlation is less marked; killing was not observed at  1:30,000 even though 
this concentration is sufficient to exert a very marked inhibition of the metab- 
olism of many Gram-negative species. 8 
It is true that there are instances in our results where no correlation at all 
can be observed between effect on metabolism and germicidal action of certain 
compounds.  For example, Retarder LA was unable to kill Proteus vulgaris in 
10 minutes at 1:1000 concentration, yet it inhibits the respiration of this organ- 
s In our previous study we did not report results obtained with the following six 
compounds included  in the present study: Phemerol, Carol,  Emulsol-607,  Emulsol- 
609, and Tergitols- 8 and 4.  The structural formulas of these compounds are indi- 
cated in Table I.  It may be noted briefly from unpublished experiments that the first 
four compounds,  all  cationic,  are  effective  inhibitors  of the metabolism of  Gram- 
positive and Gram-negative microorganisms at a concentration of 1:3000,  and some 
are equally effective  at  1:30,000.  Tergitol-8 is relatively inactive, and  Tergitol-4 
falls in the same range of activity as cetyl  sulfate,  showing considerable  variations 
in its inhibitory action. 
7 Unfortunately,  determination  of  killing  power,  based  on  cell  viability  after 
transfer to broth provides indications  only of an all-or-none  reaction.  As many as 
90 per cent of the organisms may have been killed after 10 or 90 minutes exposure  to 
the detergent, yet given a long enough  time, the growth will be as great as  in  the 
control tube.  Therefore, data obtained in this manner cannot be  as  quantitatively 
exact as  those obtained in  the metabolism studies. 
8 As shown  in the accompanying paper the antibacterial effects of  both  cationic 
and anionic  detergents can be inhibited by appropriate concentrations  of  phospho- 
lipids.  It is conceivable  that the complete absence of bactericidal action  of anionic 
detergents  and  the  diminished  activity  of  cationic  detergents  on  Gram-negative 
organisms, may be related to differences in content, type, or cellular arrangement  of 
phospholipids  in Gram-negative as compared with Gram-positive species. ZELMA BAKER, R. W. HARRISON,  AND BENJAMIN  F. MILLER  619 
ism 85 per cent at concentrations of 1  : 3000 and 1  : 30,000.  Similarly, the non- 
quaternary nitrogen type of cationic detergent, Emulsol-609, which  had been 
shown previously to inhibit the respiration of Proteus vulgaris very markedly, 
did not  exhibit any effective  germicidal  action against  this  organism.  In 
general, however, the correlation  of effectiveness against bacterial metabolism 
and the bactericidal properties in the detergent group of compounds seems to 
be  good enough to permit the assumption that the general  relations  found 
previously can be applied  to the bactericidal effects with some degree of valid- 
ity.  This would mean that as a class the cationic detergents should be more 
effective germicides at neutrality and slightly alkaline pH  than on the acid 
side, and that the anionic detergents will behave in the opposite manner.  9  It 
can be predicted that the bactericidal activity of both types of detergents will 
be dependent on optimal lengths of the alkyl chain in the molecule. 
Certain relationships  appear to exist between chemical configuration of the 
detergents and  their  bactericidal  properties.  Zephiran and  Phemerol were 
somewhat superior to all the other compounds tested.  The former is a mixture 
of alkyl dimethyl benzyl ammonium chlorides  in which the alkyl groups vary 
from C8 to C18, and the latter compound is an alkyl dimethyl benzyl ammonium 
chloride in which the alkyl group is para-tertiary-octyl-phenyl-diethoxy.  The 
alkyl portions of these two compounds differ markedly,  yet they resemble each 
other in possessing a benzyl group attached to the quaternary nitrogen.  The 
other seven cationic detergents studied do not contain a  benzyl group.  It 
seems  reasonable  to  assume  that  the  introduction of the  benzyl group  in 
Zephiran and Phemerol has enhanced their bactericidal properties. 
The substitution of ethyl groups for methyl groups on the quaternary nitro- 
gen appears to make little difference since Catol (alkyl triethyl ammonium 
chloride) and Emulsol-605 (alkyl trimethyl ammonium chloride) were equally 
effective.  The presence  of a  quaternary nitrogen in a  ring structure,  e.g., 
pyridinium nitrogen in lauryl pyridinium iodide  (Emulsol-660  B)  and alkyl 
pyridinium chloride  (Emulsol-607),  does not increase  bactericidal properties 
above those exhibited by acyclic quaternary nitrogen compounds. 
In the group of anionic detergents  molecular configuration plays an important 
r61e.  It was shown that Tergitol-7,  and to a lesser extent Tergitol-4,  exerted 
considerable bactericidal properties.  Both these compounds are derived from 
branched-chain,  secondary alcohols  and  therefore differ  markedly from the 
other  anionic  detergents  which  are  derived  from  straight-chain,  primary 
alcohols.  The alkyl group'in Tergitol-7,  for example,  is  derived from 3,  9 
diethyl tridecanol-6.  It is interesting to note the great differences exhibited 
by Tergitol-7  within the class  of Gram-positive  organisms.  Against lacto- 
0 Gershenfeld and Perlstein (10) have shown recently that the anionic detergent, 
Aerosol OT, exerts a  considerable bactericidal effect against staphylococci at acid 
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bacillus  it  has  an  unusually good  germicidal action,  especially  when  one 
considers that the pH employed is not the optimum for the anionic type of 
detergents.  Against the streptococcus, it is somewhat less effective but still 
quite powerful, whereas against staphylococcus it showed only slight killing 
effect.  At lower pH's it will undoubtedly be found to exert a  quite marked 
activity against even the staphylococcus.  However, it is interesting to find 
in these studies the same effect that has often been observed with ordinary 
soaps,  i.e.,  diminished  bactericidal  activity  toward  the  staphylococcus  as 
compared  with  other  Gram-positive  organisms.  It  is  of  interest  to  note, 
however, that in our previous study we found that Tergitol-7 inhibited the 
metabolism of the staphylococcus as completely as that of other Gram-positive 
microorganisms. 
SUMMARY 
1.  The bactericidal action of a  number of anionic and cationic synthetic 
detergents on four Gram-positive and three Gram-negative bacteria has been 
investigated. 
2.  Cationic detergents, as a group, were found to exhibit marked bactericidal 
effects on Gram-positive microorganisms and somewhat less pronounced action 
on Gram-negative organisms. 
3.  The anionic detergents were germicidal only against the Gram-positive 
organisms, and they were considerably less effective than the cationic com- 
pounds.  Of the anionic detergents, the most active one was an alkyl sulfate 
derived from a branched-chain, secondary alcohol. 
4.  Correlations  between  bactericidal  action  and  inhibition  of  bacterial 
metabolism, and also between bactericidal action and chemical structure of the 
detergents are discussed. 
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